Context. Recent studies have shown that stellar chromospheric activity, and its effect on convective energy transport in the envelope, is most likely the cause of significant radius and temperature discrepancies between theoretical evolution models and observations. Accurate mass, radius, and abundance determinations from solar-type binaries exhibiting various levels of activity are needed for a better insight into the structure and evolution of these stars. Aims. We aim to determine absolute dimensions and abundances for the solar-type detached eclipsing binary EF Aqr, and to perform a detailed comparison with results from recent stellar evolutionary models. Methods. uvby light curves and uvbyβ standard photometry were obtained with the Strömgren Automatic Telescope. The broadening function formalism was applied on spectra observed with HERMES at the Mercator telescope in La Palma, to obtain radial velocity curves. State-of-the-art methods were applied for the photometric and spectroscopic analyses. Results. Masses and radii with a precision of 0.6% and 1.0% respectively have been established for both components of EF Aqr. The active 0.956 M ⊙ secondary shows star spots and strong Ca II H and K emission lines. The 1.224 M ⊙ primary shows signs of activity as well, but at a lower level. An [Fe/H] abundance of 0.00±0.10 is derived with similar abundances for Si, Ca, Sc, Ti, V, Cr, Co, and Ni. Solar calibrated evolutionary models such as Yonsei-Yale, Victoria-Regina and BaSTI isochrones and evolutionary tracks are unable to reproduce EF Aqr, especially for the secondary, which is 9% larger and 400 K cooler than predicted. Models adopting significantly lower mixing length parameters l/H p remove these discrepancies, as seen in other solar type binaries. For the observed metallicity, Granada models with a mixing length of l/H p = 1.30 (primary) and 1.05 (secondary) reproduce both components at a common age of 1.5±0.6 Gyr. Conclusions. Observations of EF Aqr suggests that magnetic activity, and its effect on envelope convection, is likely to be the cause of discrepancies in both radius and temperature, which can be removed by adjusting the mixing length parameter of the models downwards.
Introduction
As recent studies suggest, current stellar evolutionary models scaled to the Sun, are unable to predict the temperature and radii of many active close binary components with masses comparable to, or lower than the Sun. These models predict too high temperatures and radii that are up to 10% lower than observed, while the observations have errors as small as about 1%, see e.g. Clausen et al. (2009, hereafter CBC09) and references therein. Dynamo-generated magnetic fields can suppres convection and produce starspots, and are suggested as a cause for the discrepancies in radii and temperature, see e.g. Ribas et al. (2008) for ⋆ Based on observations carried out at the Strömgren Automatic Telescope (SAT) at ESO, La Silla, and the Mercator Telescope, operated on the island of La Palma by the Flemish Community, at the Spanish Observatorio del Roque de los Muchachos of the Instituto de Astrofsica de Canarias. ⋆⋆ Table X (light curves of EF Aqr) is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ an overview. Clausen et al. (1999) and Torres et al. (2006) have shown that by reducing the mixing length parameter when calculating the envelope convection, the model fits can be improved. Clausen et al. (2009) found that solar-type eclipsing binaries can (with one exception) be divided in to two groups: slowly rotating inactive binaries, which can be fitted reasonably well by models with a solar calibrated mixing length, and rapidly rotating systems, which exhibit intrinsic variations and show signs for increased magnetic activity, which cannot be reproduced by solar-calibrated models. These authors suggested that the evolution of the mixing length parameter with mass and activity is influenced by two different effects. There is a slight decrease in mixing length with increasing temperature and mass for inactive main sequence stars, and a strong decrease in the mixing length parameter for active stars compared to their inactive counterparts of similar mass. However, more binaries are needed to develop a calibration for the evolution of mixing length with physical parameters and level of activity.
This paper is part of our ongoing study of several binary systems with solar-type components, with either identical or differ-ent levels of chromospheric activity (Clausen et al. 2001, hereafter CHO01) . In this paper the results of a complete analysis of the G0 system EF Aqr (which has two components of different and relatively high activity) are presented.
EF Aqr
EF Aqr (m V = 9.88, spectral type G0, 2 .
d 85, also known as BD−7
• 5908, BV207, and as HD217512) is a solar-type eclipsing binary that has not been studied in detail before. It was first discovered at the Bamberg observatory by Strohmeier (1958) . In 1959 several times of minima were published by Nikulina (1959) . Their studies do not agree well with the times of minima obtained for this paper, and were not used. In 2006 new elements were published by Otero et al. (2006) based on a combination of data found in different catalogues. Both the published epoch and period differ from our results presented in Table 1 and Table 8 , most likely because of the relatively low quality of the data Otero and collaborators were able to collect. In 2007, EF Aqr was included in the variable star one shot project, and one HARPS spectrum was taken (Dall et al. 2007 ). It was analysed as a single-lined spectrum, resulting in an effective temperature of 6110±187 K, a log g of 4.36 ± 0.59 and a metallicity of [Fe/H]= 0.24 ± 0.18.
Photometry
Below, we present the new photometric material for EF Aqr and refer to CHO01 for more details on the observation and reduction procedures, and determination of the times of minima.
Light curves
The differential uvby light curves of EF Aqr where obtained at the Strömgren Automatic Telescope (SAT) at ESO, La Silla and its six-channel uvbyβ photometer, on 80 nights between October 2001 and December 2008 (JD 2452185 to 2454821). The observations were made through an 18 arcsec diameter circular diaphragm. The light curves contain 764 points per band, and most orbital phases are covered at least twice. HD 217376, HD 217877, and HD 218730 -all within a few degrees of EF Aqr on the sky -were used as comparison stars and were all found to be constant within a few mmag; see Table 2 . The light curves are calculated relative to HD 217877, but all comparison star observations were used, shifting them first to the same light level. The average accuracy per light curve point is 4-5 mmag (vby) and 5-6 mmag (u). The light curves (Table X) are available in electronic form at CDS.
As seen in Fig. 1 , EF Aqr is a slightly active, detached system with quite different eclipse depths of about 0.7 mag and 0.2 mag (in y). The secondary eclipse occurs at phase 0.5 and the duration of the two eclipses is identical, meaning that the orbit is circular.
Times of minima and ephemeris
Four of each of the primary and secondary minima have been determined from the uvby light curves, and are listed in Table 1 .
By adopting a weighted least-squares fit to the times of primary and secondary minima (i.e. assuming a circular orbit as argued for above), we derive the linear ephemeris given as MinI = 2452556.57276(6)+2 .
d 85357206(44)×E (1) 
Standard photometry
Standard uvbyβ indices for EF Aqr and the comparison stars, observed and derived as described by CHO01, are presented in Table 2 . The indices are based on many observations and have a high precision. For comparison we included published photometry from other sources as well. In general, the agreement is good, but in some cases differences are larger than the quoted errors. We have used only the new results from our own work for the analysis of EF Aqr presented here.
Photometric elements
Since EF Aqr is a well-detached system, JKTEBOP (Southworth et al. 2004a,b) has been used to determine the photometric elements of the uvby light curves. JKTEBOP is based on the Nelson-Davis-Etzel binary model (Nelson & Davis 1972; Etzel 1981; Martynov 1973) , which represents deformed stars as biaxial ellipsoids and applies a simple bolometric reflection model. More details on the code and the general approach used here is explained in Clausen et al. (2008, hereafter CTB08) . Hereafter the following symbols are used (with subscript s and p referring to respectively the secondary and the primary component of the system): i is the orbital inclination; e the eccentricity of the orbit; ω the longitude of periastron; r the stellar radius in units of the semi-major axis; k = r s /r p ; u is the linear limb darkening coefficient; y the gravity darkening coefficient; J the central surface brightness; L is the luminosity and T eff the effective temperature.
The mass ratio between the components was kept at the spectroscopic value (q = 0.761); see section 4.2. Linear limb darkening coefficients from Claret (2000) were adopted. Extensive tests with nonlinear limb darkening laws and Van Hamme coefficients (van Hamme 1993) were conducted, but showed little deviation from the results presented here. The linear limb darkening law with Claret coefficients was adopted because it resulted in the most consistent results between the four bands. Gravity darkening coefficients from Bloemen et al. (2011) for convective atmospheres were adopted. A circular orbit is assumed, fixing e cos ω = e sin ω = 0. We Justify this assumption in section 4.2.
The results for EF Aqr are presented in Table 3 . The results from the four bands agree well. The errors quoted in this table are formal errors determined from the iterative least-squares solution procedure. Changing to VanHamme limb darkening coefficients, or adopting a nonlinear limb darkening law (quadratic, Notes. For EF Aqr, the uvbyβ information by V11 is the mean value near phases 0.25 and 0.75 (first line), and at total secondary eclipse (second line). N is the total number of observations used to form the mean values, and σ is the rms error (per observation) in mmag. The limb darkening coefficients are based on the effective temperature of both components. The effective temperature was calculated from a weighted mean of three colour-metallicitytemperature calibrations, the spectroscopic temperature (see Section 5), and for the secondary the flux scale method of Popper (1980) is included as well (see Section 6). To obtain the dereddened colour indices, a reddening of E(b−y) = 0.018±0.011 was determined with the intrinsic colour calibration of Olsen (1988) .
The lightcurves show clear indications for star spots. PHOEBE (Prsa 2006) , a binary modelling code built on the Wilson-Devinney code (Wilson 2008) , was used to analyse separate sections of the light curves while including star spots in the model. Sections of different observation periods ranging from (2000) were adopted together with gravity darkening coefficients from Bloemen et al. (2011) . A mass ratio of q = 0.761 from the spectroscopy was assumed, the orbit was assumed to be circular, and phase shift and magnitude normalisation were included as free parameters. The quoted errors are formal errors from the iterative least-squares solution procedure. 
Notes.
(a) adopted parameters The individual flux and luminosity ratios are based on the mean stellar and orbital parameters. five months to two years were tested, but PHOEBE was not able to fit the effect of the star spots.
The adopted photometric elements listed in Table 4 are the weighted mean values of the JKTEBOP solutions in the four bands. Realistic errors were determined from Monte Carlo error simulations with 5000 iterations in each band and a comparison between the solutions in each band. The uncertainty of the limb darkening values based on the accuracy of the effective temperature was taken into account as well. The accurate light curves allow the relative radii to be determined with a precision higher than 1%. The obtained luminosity ratios correspond very well to those derived from the depths of secondary eclipse.
Spectroscopy
For the radial velocity and abundance determinations of EF Aqr, 17 high-resolution spectra were obtained with the HERMES spectrograph (R = 85000, 55 orders, 3770-9000 Å, Raskin et al. (2011) ), at the 1.2m Mercator telescope, Roque de los Muchachos Observatory, La Palma. The observations were obtained in October and November 2010 (JD 2455509-2455545) . HERMES was used in high-resolution mode, and ThAr-Ne frames were obtained just before or just after the observations to reduce the instrumental drift. The exposure times were adjusted to obtain a signal to noise ratio (S/N) around 100 in V. For the basic reduction of the spectra the HERMES pipeline version 3.0 was used together with dedicated IDL programmes to further clean and normalise the spectra. For the radial velocity determinations only spectra from orders 13-48 (4016-6796 Å) were used, because the S/N in the other orders was too low.
Radial velocities
To obtain the radial velocities from the spectra, the broadening function (BF) formalism (Rucinski 1999 (Rucinski , 2002 (Rucinski , 2004 was used on 16 spectra. The last spectrum, which was observed just after secondary eclipse, was not included in the radial velocity determinations. Template spectra calculated for the primary and secondary components were used in the analysis. The synthetic template spectra were computed with the bssynth tool (Bruntt, private communication) , which applies the SYNTH software (Valenti & Piskunov 1996) and modified ATLAS9 models (Heiter et al. 2002) . Regardless of the significant temperature difference between the components, both templates give compatible results. But the radial velocities obtained with the primary template correspond slightly better to the final orbital solution. The broadening functions were calculated separately for the different orders, and then combined by using a weighted average based on the S/N level and the wavelength range of each order.
The radial velocities were obtained from the broadening functions by fitting an analytical BF to the observed BF (Kaluzny et al. 2006) , which was derived by assuming two perfectly spherical rigid rotators. The assumptions made in the derivation of the analytical BF are valid for EF Aqr because both components show little or no deformation. Fitting Gaussians to the BF does not result in values significantly different from those presented in Tab. 5.
The obtained radial velocities are given in Table 5 . By examining the distribution of the radial velocities calculated separately for each order, the uncertainties of the radial velocities are estimated at 0.35 km s −1 for the primary and 1.31 km s −1 for the secondary.
Spectroscopic elements
The spectroscopic orbits were calculated using the method of Lehman-Filhés implemented in the SBOP programme (Etzel 1981 (Etzel , 2004 , which is a modified and extended version of an earlier code written by Wolfe et al. (1967) . The radial velocities are given a weight factor of 1.0 except for those obtained from four spectra that had a significantly lower S/N value (taken at HJD=55510. 49097, 55545.38178, 55545.39625, 55545.40725) . These radial velocities were given a weight factor of 0.5. To obtain accurate uncertainties, a wrapper with a Monte Carlo algorithm was written around the SBOP code. The input data were perturbed with the estimated uncertainties on the radial velocity measurements. The final uncertainties on the spectroscopic elements are determined from 5000 iterations in the Monte Carlo code. As in the determination of the photometric elements, a circular orbit was assumed, fixing e = 0.0 and ω = 90
• . The resulting spectroscopic elements are given in Table 6 . The radial velocities of the components were analysed independently (singlelined spectroscopic binary SB1), but SB2 solutions lead to nearly identical results.
In Fig 2 the spectroscopic orbital solution is plotted together with the residuals of both components. As can be seen from the plot, there is a clear sine-like pattern with an amplitude of around 500 m s −1 in the residuals of both components. Including the eccentricity and argument of periastron as free parameters improves the solution, but the reduced masses and semi-major amplitudes do not change. In this way an eccentricity of e = 0.0018 ± 0.0022 and an argument of periastron of ω = 90.23
• ± 0.21 are found. However, the photometry (light curves and times of minima) limits the eccentricity to a maximum of e = 0.00005 ± 0.00008, indicating that the orbit is practically circular. The periodic residuals in the radial velocity curves can be explained by the activity of the system. The light curves show clear signs of star spots, and previous research of Huerta et al. (2008) has shown that star spots can cause radial velocity variations of the order of 0.5 km s −1 . This theory can not be proven because there are no accurate photometric observations available that coincide with the spectroscopic observations. Altogether, these small deviations in the radial velocity curves do not have a significant effect on the resulting spectroscopic elements, and can be neglected.
Chemical abundances
To determine the chemical abundances of EF Aqr, we used all 17 HERMES spectra. Because sufficient spectra are available, the DisEntangler package of Simon & Sturm (1994) was used to disentangle the spectra, so that the primary and secondary could be analysed separately. In this way a higher accuracy can be obtained than if composite spectra were used. The 35 orders used also for the radial velocity determinations, which had sufficient S/N and no influence of telluric lines, were disentangled individually for the abundance analysis. The DisEntrangler algorithm treats the spectra with an equal light ratio, resulting in component spectra that are determined independently of an additive constant that depends on the light ratio in each order. This constant is calculated using MARCS model atmospheres (Gustafsson et al. 2008) , and implemented in the normalisation process using dedicated IDL programs. DisEntangler also assumes a constant light level, but since EF Aqr is constant to within 0.5 % outside eclipses, this is of no concern. A 40Å region of the spectrum of the primary component, centred on 5585Å is shown in Fig. 3 .
The versatile wavelength analysis (VWA) tool of Bruntt et al. (2002) was used to determine the abundance and temperature of both components of EF Aqr. VWA used the SYNTH software of Valenti & Piskunov (1996) Fig. 3 . 40 Å region centred at 5585 Å of the disentangled spectrum for the primary component of EF Aqr (black) and a matching synthetic spectrum calculated with VWA (blue). The lines indicated in green are used in the abundance determinations.
synthetic spectra. Atmosphere models were interpolated from the MARCS model atmospheres (Gustafsson et al. 2008) , which use the solar composition of Grevesse et al. (2007) . The atomic line data were taken from the VALD database (Kupka et al. 1999 ). However, the log(g f ) values were adjusted so that every line measured by Wallace et al. (1998) reproduces the atmospheric abundances by Grevesse et al. (2007) . For a detailed description of the VWA tool, the reader is referred to Bruntt et al. (2004 Bruntt et al. ( , 2008 ; Bruntt (2009); Bruntt et al. (2010a,b) . When comparing the observed orders to synthetic spectra, the rotational velocities of the two components are found to be v sin i p = 21 ± 4 km s −1 and v sin i s = 18 ± 4 km s −1 respectively, indicating that they are fast rotators. Owing to the higher degree of line blending caused by the fast rotation, only 468 (primary) and 396 (secondary) lines were selected. The surface gravity was fixed at the values determined from the photometric and spectroscopic elements given in Section 6. Spectroscopy alone is usually only capable to determine log g with an accuracy of up to 0.1 dex (Bruntt et al. 2010a; Valenti & Fischer 2005) , but in a binary system accuracies as high as 0.01 dex can be obtained. The effective temperature and micro-turbulence were tuned to remove differences between Fe i and Fe ii abundance, and any correlation between abundance and excitation potential or equivalent width. In this way effective temperatures of T eff,p = 6140 ± 50 K and T eff,s = 5200 ± 100 K were found. Bruntt et al. (2010a) found a systematic offset of 40 K between spectroscopicaly obtained temperatures and temperatures obtained with direct methods. After subtracting this offset spectroscopic temperatures of T eff = 6100 ± 50 K (primary) and T eff = 5160 ± 100 K (secondary) were obtained.
The micro-turbulence is determined to be ξ p = 1.60 ± 0.10 km s −1 and ξ s = 1.32 ± 0.10 km s −1 . For the primary this agrees very well with the predicted micro-turbulence of ξ p = 1.65 ± 0.34 km s −1 by the calibration of Edvardsson et al. (1993) (which is an analytical fit to models based on 157 stars). For the secondary the predicted micro-turbulence is ξ s = 0.66 ± 0.38 km s −1 , which is significantly lower than found in the abundance determination. However, the secondary's effective temperature is outside the range of the Edvardsson calibration, which is only valid in the temperature range T eff = 5550 → 6800K. Bruntt et al. (2010a) derived a micro-turbulence relation using 23 solar-type stars. This calibration predicts ξ = 1.27 ± 0.13 km s −1 (primary) and ξ = 0.84 ± 0.11 km s −1 (secondary). Both the predictions for the primary and the secondary are significantly lower than determined in the present work from observations. We cannot pinpoint an exact reason for the difference between the calibrations and the results presented here, but it has to be noted that the implementation of the microturbulence can depend on the model atmosphere used, which could explain the difference between our results and the results of Edvardsson.
The abundances determined from all useful lines with an equivalent width between 10 and 90 mÅ are presented in Table  7 . Obviously a very robust iron abundance of [Fe/H] = -0.002 ± 0.090 dex is obtained with excellent agreement between the results of Fe i and Fe ii lines of both components. Changing the temperature of the primary by ±50 K and the secondary by ±100 K results in a ±0.04 dex change in Fe i abundance and ∓0.02 dex change in Fe ii abundance. If the micro-turbulence is increased or decreased by ±0.10 km s −1 , the neutral iron abundance changes by ±0.07 dex, while the ionised iron abundance changes by ∓0.02 dex. The abundances of the other ions listed in Table 7 agree well with the results obtained for the iron abundance and a relative abundance identical to the solar value. The few outliers such as Cu i, C i, S i, and Ce ii are based only on one line and can be neglected. The final metal abundance of EF Aqr is determined based on the abundances of all elements with eight or more accepted lines, and results in [M/H] = 0.00 ± 0.10 dex.
In addition to the spectroscopic abundance determinations, the calibration of Holmberg et al. (2007) was used to determine the metalicity directly from the de-reddened uvby indices for the individual components. This results in metallicities of [Fe/H] = 0.04 ± 0.11 (primary) and [Fe/H] = −0.20 ± 0.27 (secondary), respectively. The photometric metallicity obtained for the primary corresponds to the spectroscopic metallicity within errors. For the secondary the difference is larger, but the two methods still agree within the estimated errors.
Absolute dimensions
The absolute dimensions of EF Aqr are presented in Table 8 , as calculated from the photometric and spectroscopic elements given in Tables 4 and 6 . The accuracy for the masses is better then one percent while for the radii an accuracy of 1.2% was established. The V magnitudes and uvby indices were calculated from the combined magnitudes and indices of the system outside the eclipses (see Table 2 ). The V magnitude and uvby indices obtained for the primary component during secondary eclipse agree reasonably well with those obtained from the photometric solution. The E(b − y) interstellar reddening was calculated using the calibration of Olsen (1988) , using the ubvyβ standard photometry for combined light outside eclipses.
The temperature of both components was determined using the three different colour-metallicity-temperature calibrations of Alonso et al. (1996) , Holmberg et al. (2007) and Casagrande et al. (2010) , the spectroscopic derivation of Popper (1980) , and for the secondary also the flux scale method of this author. The results for each method are shown in Table 9 . The uncertainties include the error on the colour indices, the metallicity, reddening and the uncertainty of the calibrations themselves. The obtained temperatures are mutually consistent within the errors of the calibrations, and as final temperatures the average values over the different methods are adopted: T e f f,p = 6150 ± 65 K and T e f f,s = 5185 ± 110 K.
The projected rotational velocities from the broadening functions v sin i p = 23 km s −1 and v sin i s = 17 km s −1 agree with those from the abundance analysis in the previous section. The projected rotational velocities agree within the errors with the calculated velocities assuming a synchronous circular orbit: v sin i p = 23.7 km s −1 and v sin i s = 16.9 km s −1 . Furthermore, the age (1.5 ± 0.6 Gyr) determined in Section 8 is clearly older than the circularisation and synchronisation time scale as determined by Zahn (1977) : τ circ = 0.28 Gyr and τ syn = 0.09 Gyr, and by Claret , and references herein): τ circ = 0.42 Gyr, τ syn (prim) = 0.21 and τ syn (sec) = 0.20.
The distance to the system was calculated using the classical relation (see e.g. CTB08), adopting the solar values and bolometric corrections given in Table 8 . For the primary a distance of 170.3 ± 4.5 pc was found which corresponds well with the distance of 174.4 ± 6.3 pc determined for the secondary component. For the system distance the average of both was adopted at 172.0 ± 3.8 pc. Notes. Bolometric corrections (BC) by Flower (1996) were assumed together with T eff,⊙ = 5780 K, BC ⊙ = −0.08 and M bol,⊙ = 4.74. Alonso et al. (1996) (b) Holmberg et al. (2007) (c) Casagrande et al. (2010) (d) Popper (1980) 
Stellar activity
The light curves of EF Aqr show periodic variations that could be caused by star spots. The period of the variations differs, and the anomalies in the light curves disappear and reappear during the eight years over which the observations were made. Several subsets of the lightcurves were analysed separately, but it proved impossible to fit the variations. However, they are a clear indicator of the activity of one or both components. The Rossby numbers, defined as the ratio of the rotation period over the convective turnover time, for the primary and secondary components are approximately 0.71 and 0.08. The limit for higher magnetic activity due to stronger dynamo action was determined at 0.65 by Hall (1994) . This places the secondary well within the active region, and the primary at the border. The most compelling evidence for activity of both components is the Ca ii emission. In the primary, the emission lines appear in the hydrogen absorption lines, while for the secondary, the Ca ii lines are visible as emission stronger than the continuum. These signs show that the primary is slightly active, while the secondary is very likely to exhibit strong chromospheric activity and star spots. Although the primary is less active than the secondary, it is prossible that starsports are the cause of the periodic variations in the radial velocity curve. Both components are suffuciently different in temperature, mass and radius that the effect of starspots can differ strongly for both components. The primary being the larger and hotter component is likely to exhibit a stronger effect from starspots.
Discussion
In this section the absolute dimensions obtained for EF Aqr are compared with the properties of recent theoretical stellar evolutionary models. For an extended description of the models, the reader is referred to CTB08.
Comparison with solar-calibrated models
Figures 5-7 illustrate the comparison with the Yonsei-Yale (Y 2 ) evolutionary tracks and with the isochrones by Demarque et al. (2004) . The mixing length parameter in the convective envelopes was calibrated using the Sun, and was held fixed at l/H p = 5000 5200 5400 5600 5800 6000 6200 6400 1.7432. An enrichment law of Y = 0.23 + 2Z was adopted, together with the solar mixture of Grevesse et al. (1996) , leading to (X, Y, Z) ⊙ = (0.71564, 0.26624, 0.01812). Only models without α-element enrichment were considered ([α/Fe]=0.0). Fig. 5 shows that theoretical tracks for the observed masses and metalicity are hotter than the observations. Especially for the secondary, the temperature difference is large (∼ 400 K). On the other hand, the theoretical temperature difference between the components of 800 K is only slightly smaller than the observed temperature difference of 965 ± 125 K, which is partly covered by the uncertainty on the track positions caused by the small mass uncertainty. To incorporate the 0.10 dex uncertainty on the metalicity, theoretical tracks with [Fe/H] = +0.10 were compared to the observed parameters, too. As was shown in Sec. 5, a higher metallicity gives rise to a higher spectroscopic temperature, leading to an increase of ∼ 20 and ∼ 40 K for the primary and secondary component. This higher metalicity track fits the observed temperature and radius of the primary within errors. For the secondary component, the theoretical parameters correspond better to the observed results, but the theoretical temperature is still 250 K hotter than observed, which is well beyond the uncertainty.
The masses and radii calculated from the light and radial velocity curves are independent of the distance to the system (scale-independent). The mass-radius plane plotted in Fig. 6 shows that the model predicts an age difference of 4 Gyr between the components, 2.25 Gyr for the primary and 6.5 Gyr for the secondary. Changing to isochrones with a higher metallicity makes no significant difference in this result. At the age of the primary, the predicted radius of the secondary would be 0.869 R ⊙ , which is 9 % smaller than observed, while the observations have a precision of ∼1%. The mass-luminosity relation, shown in The same picture is seen in the Victoria-Regina (VandenBerg et al. 2006) and BaSTI (Pietrinferni et al. 2004 ) models, which differ only slightly from the Y 2 models with respect to the input physics and He enrichment laws. A short description of these models is given in CTB08.
In conclusion, the secondary component of EF Aqr is significantly larger, and about 400 K cooler than predicted by models, which adopt a mixing length parameter matching that of the Sun. The primary component agrees better with the models. Both components, however, reveal a serious discrepancy between models and the observations, which we attribute to problems in the modelling, since the discrepancies are much larger than the observational uncertainty, which is seen particularly clearly in Figs.5 and 6.
Comparison with mixing-length tuned models
Several authors have demonstrated that models that adopt a reduced mixing length parameter are better at fitting active solartype binary components. Both components of EF Aqr show clear signs of increased magnetic activity (in particular the secondary component), and have relatively high rotational velocities (> 10 km s −1 see e.g. CBC09), making EF Aqr a good candidate to compare to mixing-length tuned models.
For this purpose, dedicated models for EF Aqr were computed with the GRANADA code by Claret (2004) , which assumes an enrichment law of Y = 0.24 + 2.3Z together with the solar mixture by Grevesse & Sauval (1998) , leading to (X,Y,Z) ⊙ =(0.704,0.279,0.017). In this model, the mixing length parameter needed to reproduce the Sun is l/H p = 1.68.
Several tracks for the precise observed masses were calculated. Tests on the influence of the helium content were performed, and the helium content stated above gave the best results. The five best tracks (three for the primary and two for the secondary) are listed with there resulting ages in Table 10 . The temperature-radius comparison between EF Aqr and the Granada models is shown in Fig. 8 . The primary component is best fitted with the l/H p = 1.15 track at an age of 0.70 ± 0.20 Gyr, while the best fit for the secondary component is obtained with an l/H p = 1.05 track with resulting age of 1.55 ± 0.60 Gyr. When a slightly longer mixing length of l/H p = 1.30 is used, the age of the primary can be fitted at 1.50 ± 0.18 Gyr. The correspondence with the temperature is slightly poorer, but still well within the uncertainty. Granada models with a solar mixing length parameter are unable to fit both components. The best-fitting tracks with identical derived ages for the two components are those with mixing length l/H p = 1.30 for the primary, and l/H p = 1.05 for the secondary. These tracks predict a common age of 1.5 ± 0.6 Gyr for the system. This does imply that the mixing length parameter for both components can be tuned with reasonable precision, provided that accurate dimensions and abundances are available.
Comparison with other binaries
An overview of the properties of 11 solar-type eclipsing binaries of which the masses and radii are determined with a precision of at least 2% is given in CBC09. This list can be ex-5400 5600 5800 6000 6200
T tended with EW Orionis (Clausen et al. 2010 ) and IM Virginis (Morales et al. 2009 ). Clausen divided these binaries into two groups, the first consisting of active binaries with high rotational velocities, and the second group with longer periods and no signs of activity. (IM Vir belongs to the first group, while EW Ori belongs to the second). The non-active binaries with a longer period can be fitted by solar-calibrated models, while the active binaries can be fitted with mixing-length-tuned models. EF Aqr is then a clear member of this second group, and supports the suggestion of Clausen et al. (2010) that the mixing length parameter is governed by two main effects: For inactive main sequence stars a slight decrease in mixing length with increasing temperature and mass, and secondly, for active stars a strong decrease in mixing length compared with inactive stars of the same mass.
Summary and conclusions
From state-of-the-art observations and analyses, precise (0.6-1.0%) absolute dimensions have been obtained for the totally eclipsing G0 system EF Aqr. A detailed spectroscopic analysis yielded a Fe abundance relative to the Sun of [Fe/H]=0.00±0.10, with the abundances of Si, Ca, Sc, Ti, V, Cr, and Co and Ni being close to solar, too. The 0.956 M ⊙ secondary is found to be active with star spots and strong Ca ii H and K emission. The 1.244 M ⊙ primary shows signs of activity as well, but at a lower level. The system orbit is circular, and the measured rotational velocities, 21±4 km s −1 (primary) and 18±4 km s −1 (secondary) excellently agreement with theoretically predicted rotational velocities for synchronous rotation.
We showed that theoretical stellar models with solar-value mixing length parameters (Yonsei-Yale, Victoria-Regina and BaSTI) are unable to fit both components of EF Aqr at a common age. At the derived age of the primary, the secondary was found to be 9% larger than predicted. Furthermore, the components were observed to be about 200 K (primary) and 400 K (secondary), cooler than predicted by the models.
Models that adopt a significantly lower mixing length parameter can remove these discrepancies. Granada models calculated for the observed metalicity with a mixing length of l/H p = 1.30 (primary) and l/H p = 1.05 (secondary) reproduce the properties of both components of EF Aqr at a common age of 1.5±0.6 Gyr.
EF Aqr falls in the group of solar-type systems with high rotational velocities that cannot be matched by solar-calibrated theoretical models as defined by CBC09. It supports the suggestion that magnetic activity is the likely cause for the radius and temperature discrepancies, which means in turn that active binaries have a significantly lower mixing length than their inactive counterparts of similar mass.
This study is part of a larger project on solar-type eclipsing binaries: see CHO01
